Background: Sugarcane (Saccharum L. plant) is an important crop for sugar and bio-energy production around the world. Among sugarcane diseases, smut caused by Sporisorium scitamineum is one of the major fungal diseases causing severe losses to the sugarcane industry. The use of PCR reference genes is essential to the normalization of data on gene expression involving the sugarcane-S. scitamineum interaction system; however, no report that addresses criteria in selecting these reference genes has been published to date.
Background
Regarding the development of technologies in biological research, omics data have led to a considerable increase in gene identification [1] . Gene expression analysis is essential in understanding the signaling and metabolic pathways that underly cellular and developmental processes [2] . Currently, real-time quantitative PCR (qRT-PCR), semi-quantitative PCR (semi-qPCR), and northern blotting are the major methods of quantifying and validating the expression of genes [3] [4] [5] [6] . Reference genes, which are expressed stably in different organ tissues, at different developmental stages, or under specific-experimental conditions, can improve the precision of gene expression quantification by reducing experimental errors caused by RNA quality, cDNA synthesis, qPCR reactions, or other factors [7] . Previously, housekeeping genes, which were indispensable in maintaining basic metabolic activities and basic structural components, were widely used as PCR reference genes for gene expression analysis in humans [8] , animals [9] and plants [10] . Furthermore, expression analysis of pathogen genes during infection and colonization in the host plant has been the main step in elucidating the biological function of pathogen genes. To reduce errors in expression quantification of pathogen genes caused by the adaptability of the pathogen, as well as nutrition and stress in host plants [11, 12] , pathogen PCR reference genes have been included in investigations. However, there is growing evidence showing there is no single, universal gene that could be utilized in various experimental conditions [13] , and the stability of reference genes should be validated before these are used for normalization of gene expression [14, 15] .
Over the past decades, the evaluation of PCR reference genes has been reported in various plant species such as Oryza sativa [16] , Zea mays [17] , Brassica juncea [18] , Triticum aestivum [19] , and Nicotiana tabacum [20] . Sugarcane (Saccharum L.), which belongs to Gramineae, is an important crop for sugar and bio-energy production in more than 110 tropical and subtropical countries around the world [21] . Sugarcane PCR reference genes, which are used in the normalization of gene expression in different tissues of sugarcane varieties (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) [22] or under different abiotic stresses (eukaryotic elongation factor 1A, eEF1A; cullin, CUL; and clathrin adaptor complex, CAC) [23] [24] [25] , have been evaluated and reported. PCR reference genes that are identified by commonly used algorithms geNorm [26] , NormFinder [27] , BestKeeper [28] , and the deltaCt method [8] allow reliable and accurate normalization for gene expression data [29] [30] [31] [32] . Analysis using geNorm is based on two reference genes that would show highly identical expression pattern across different experimental biological samples [26] . NormFinder is a mathematical algorithm that estimates gene expression stability by comparing variations of gene expression in intra/inter-groups within a group or groups of bio-samples [27] . BestKeeper assesses the expression stability of genes by employing Pearson, Spearman, and Kendall Tau correlation coefficients for pair-wise correlation analysis, generating weighted indices of the candidate genes [28] . The deltaCt method [26] describes the ΔCt approach, which requires less use of specialist programs and biomaterials by comparing pairs of candidate genes [8] . With increasing demand for sugarcane production, a growing number of RNA-seq trials have been conducted to identify genes that are associated with specific biological processes such as sugar accumulation [33] , fiber content [34] , and stress responses [3, 4, [23] [24] [25] . Smut disease, which is caused by Sporisorium scitamineum, is one of the major fungal affecting sugarcane growth, often resulting in a 3%-7% reduction in sugar content [21] . Wu et al. [4] identified 2015 sugarcane differentially expressed ESTs using the Solexa sequencing technology, and Que. et al. [3] identified a total of 65,852 sugarcane unigenes by RNA sequencing during S. scitamineum infection. Genome sequencing has indicated that the genome of S. scitamineum, which is 19.63 Mb and 19.98 Mb in size, consists of about 6636 to 6693 genes, which include 527 secreted protein genes, 192 pathogenic genes, and 68 effector protein genes [35] [36] [37] . Yan et al. [38] identified 52 genes that were regulated by the b-locus by de novo RNA-sequencing of S. scitamineum and its resultant SsΔMAT-1b mutant. By comparing the transcriptome of S. scitamineum in sugarcane tissues and in vitro, Taniguti et al. [36] identified 125 differentially expressed genes at 5 d and 907 differentially expressed genes at 200 d. Although numerous sequences of differentially expressed genes have been isolated from sugarcane and S. scitamineum after infection [4, 36, [38] [39] [40] [41] , details of the underlying regulatory network remain unclear. Expression profiling of defense-related genes in sugarcane and pathogenesis-related genes in S. scitamineum is essential to the elucidation of the molecular basis of the sugarcane-S. scitamineum interaction system. To date, no report on reference gene selection for gene expression normalization in sugarcane-S. scitamineum interaction system has been published.
In this study, 10 sugarcane candidate PCR reference genes were obtained, including six (acyl-CoA dehydrogenase, ACAD; casein kinase I isoform delta-like, CK1δ; OTU domain-containing protein 5, OTU5; 12-oxophytodienoate reductase 7, OPR7; polyadenylate-binding protein 8, PABP8; serine/arginine repetitive matrix protein 1, SARMp1) from our previous transcriptomic data [3] and four (GAPDH, eEF1A, CUL, and CAC) from previous reports [23, 24] . In addition, eight S. scitamineum candidate PCR reference genes (conserved hypothetical protein, S2; conserved hypothetical protein, S4; VPS73-protein involved in vacuolar protein sorting, S6; synaptobrevin, S8; GTP-binding protein Rac1, S9; inosine 5`-monophosphate dehydrogenase, S10; SEC65-signal recognition particle subunit, S11; and ADP-ribosylation factor, S12) were selected from a S. scitamineum genomic-wide expression profile microarray (unpublished, Huang et al., hning2012@126. com). The expression of the 18 candidate PCR reference genes in smut-infected buds of smut-susceptible genotype YC71-374 and smut-resistant genotype NCo376 was assessed using qRT-PCR, and their stabilities were evaluated using algorithms geNorm, NormFinder, BestKeeper, and the deltaCt method. This study aimed to identify suitable PCR reference genes for accurate normalization and quantification of gene expression levels of the host and pathogen in a sugarcane-S. scitamineum interaction system.
Methods

Plant materials and treatment
The smut-resistant genotype NCo376 and the -susceptible genotype YC71-374 were provided by the Key Laboratory of Sugarcane Biology and Genetic Breeding, Ministry of Agriculture, Fujian Agriculture and Forestry University. The disease-free sugarcane materials were collected and cut into single bud canes, immersed in 5 g/L carbendazim (Shanghai Huanong Chemical Co. Ltd., Shanghai, China) for 48 h, and then transferred into a 50°C water bath for 2 h. The buds were embedded in sterile nutritional soil in an incubator with 28 + 0.5°C, 3000 lx, and 16 h light/8 h dark conditions. After incubation for 7 d to 10 d, the buds grew to a length of 12 cm and were divided into two groups, namely, the control group and experimental group. And then these two groups were injected with 0.5 μL sterile water (0.01% V/V, Tween-20/water) and 0.5 μL of a S. scitamineum spores suspension (density: 5 × 10 6 /mL, 0.01% v/v, Tween 20/water) respectively, and placed into the same incubator. Both groups consisted of three biological replicates. Each sample included five sugarcane buds, which were excised for RNA extraction at 0 d, 3 d, and 7 d after injection. All samples were immediately frozen in liquid nitrogen and stored at − 80°C until use.
RNA isolation and cDNA synthesis RNA was isolated using TRIzol (Invitrogen, Shanghai, China) and assessed in quantity and quality using a multifunction microplate reader Synergy H1 (Bio-Tek, Winooski, VT, USA) and 1.5% agarose gel electrophoresis. Prior to cDNA synthesis, any contaminating genomic DNA in the total RNA samples was removed using RNase-free DNase I (Promega, WI, USA). cDNA was synthesized using a PrimeScript RT kit (Perfect for Real Time) (TaKaRa Biotech., Dalian, China) following the manufacturer's recommendations, resolved using 1.5% agarose gel electrophoresis, and then stored at − 20°C. To exclude the genomic DNA contaminating cDNA samples, all the cDNA samples were detected by the SD7R primers (ACTTACGAGCACCTCAGGGA/AGAGTCCGAAGCC GAAGAT) before use it as qRT-PCR template, which could achieve two fragments in genomic DNA samples and one fragment in cDNA samples [42] .
Identification of candidate PCR reference genes and primer design GAPDH, eEF1A, CUL, and CAC were chosen as sugarcane candidate PCR reference genes in the present study based on previous reports [23, 24] . The other six sugarcane candidate PCR reference genes (ACAD, CK1δ, OTU5, OPR7, PABP8, and SARMp1), which were expressed stably at higher levels than that of GAPDH in the transcriptomic data of sugarcane under S. scitamineum stress [3] , were also chosen. Similarly, based on the expression profile of S. scitamineum genes in the genome-wide expression profile microarray (unpublished, Huang et al., hning2012@126.com), eight S. scitamineum genes (S2, S4, S6, S8, S9, S10, S11, and S12) with high and stable expression levels were selected as S. scitamineum candidate PCR reference genes. Furthermore, except for eEF1A, CUL, and CAC [23] , the qRT-PCR primers of all the other candidate PCR reference genes were designed using Primer-BLAST (https://www.ncbi.nlm. nih.gov/tools/primer-blast/) and presented in Table 1 .
qRT-PCR and data analysis qRT-PCR was prepared using the SYBRGreen Universal Master Mix kit (Roche, NY, USA) and consisted of a cDNA template (equivalent to 10 ng of RNA), primers, and ddH 2 O. Each qPCR reaction contained three technical replicates and used ddH 2 O as a blank control. The qRT-PCR amplification program was as follows: 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, 60°C for 1 min, which were the default parameters of the ABI 7500 FAST Real-Time PCR System. Using a series of gradient-diluted cDNA samples as the template, the Ct value of each primer pair was calculated after qRT-PCR analysis and was used to generate a standard curve, following the amplification efficiency of each primer pair [23] .
In the present study, 36 cDNA samples (0 d, 3 d, and 7 d samples in the experimental group and the control group, including three biological replicates) were used to assess the expression of 10 sugarcane candidate PCR reference genes. For undetection or inexistence of S. scitamineum cells in the 0 d samples in the experimental and the control groups, only 3 d and 7 d samples in the experimental group (12 cDNA samples, each sample includes three biological replicates) were used for assessing the eight S. scitamineum candidate PCR reference genes. The cycle threshold (Ct) values of all samples were used to calculate the mean value, standard deviation, and covariation (CV, CV = Standard deviation/Average Ct value × 100%) value. The mean Ct values were ΔCt-transformed and then directly imported into geNorm [26] and NormFinder [27] , following the manuals' instructions. Analysis of the stability coefficient of the candidate PCR reference genes on BestKeeper [28] and use of the deltaCt method [8] was as previously described. Pearson correlation coefficients (r values) were analyzed with the software SAS S21.0 using the stability values (SV) generated by geNorm, NormFinder, deltaCt, and BestKeeper [24] . The algorithms with generally similar results were used to generate the comprehensive stability values [24] . The relative SVs (Relative SV = (SV of rank N)/(SV of Rank 1), N = 1~10) were achieved based on the SVs from the algorithms and the deltaCt method. The comprehensive SV (CSV) was computed from the geometrical mean (GM) of the relative SVs of each candidate PCR reference gene. The best combination of PCR reference genes was recommended by the geNorm [26] . To verify the reliability of the selected PCR reference genes, the expression of sugarcane chitinase I-3 (ScChi I-3) [43] and S. scitamineum chorismate mutase (SsCMU) [44] was normalized using the selected candidates, including the best candidate PCR reference gene, the most variable candidate PCR reference gene, and the optimal combination candidate PCR reference genes, respectively. The relative expression of ScChi I -3 and SsCMU was calculated with the formula previously described by Pfaffl et al. [45] , which are both implemented in OriginPro 9.2.
Results
Identification of candidate PCR reference genes
Because the CV value is an indicator of the degree of discretization in a group, the lower the CV value, the less variation among groups. In transcriptomic data shown in Table 2 [3], except for CAC, the CV values of GAPDH, eEF1A, and CUL were 2.52%, 12.59%, and 5.22%. The CV values of ACAD, CK1δ, OTU5, OPR7, PABP8, and SARMp1 were between 2.65% and 3.88%, and their expression was higher than that of GAPDH (Table 2) . However, the expression levels of the eight S. scitamineum genes, S2, S4, S6, S8, S9, S10, S11, and S12 were also relatively high; however, these showed slight variations (1.61%~4.31%) in the genomic-wide expression profile microarray ( Table 3) . The above 10 sugarcane genes and eight S. scitamineum genes were then selected as candidate PCR reference genes (Table 1) and further evaluated.
Quality evaluation of the primers of the candidate PCR reference genes
Following the MIQE guidline [46] , the melting curve of each the primer pair was analyzed, and the primer pairs of all these 18 candidate PCR reference genes with high amplifying-specificity were selected and used in the subsequent qRT-PCR analysis (Additional file 1: Figure S1 and Additional file 2: Figure S2 ). Table 4 shows that the regression coefficients of all the primer pairs range from 0.990 to 0.999, indicating that the amplification efficiency of these primer pairs is accurate and reasonable. The amplification efficiency of the candidate PCR reference genes was between 0.95 and 1.06, and the amplicon length was between 102 bp and 186 bp (Table 4) .
Expression analysis of candidate PCR reference genes
The expression of 10 sugarcane candidate PCR reference genes in smut spores/water-injected sugarcane (0 d, 3 d, and 7 d) and eight S. scitamineum candidate PCR reference genes in S. scitamineum spores-injected sugarcane (3 d and 7 d) were analyzed by qRT-PCR. The results showed that the Ct value of the 10 sugarcane candidates were within the range of 22.13-29.30 (Fig. 1a) . The PABp8 gene showed the highest expression level, whereas OTU5 exhibited the lowest. The Ct value of the eight S. scitamineum candidate PCR reference genes was within the range of 28.94-32.61 (Fig. 1c) . S4 showed the highest expression, and S10 exhibited the lowest expression. The CV value of the sugarcane candidates ranged from 2.16 to 3.50% (Fig. 1b) , whereas that of the S. scitamineum candidates ranged from 1.93 to 4.00% (Fig. 1d) .
In terms of CV values, ACAD, CUL, OTU5, CAC, and SARMp1 showed less variations than the remaining five sugarcane candidates (GAPDH, eEF1A, CK1δ, OPR7, and PABP8) with smut fungus infection, whereas GAPDH exhibited the highest variability (Fig. 1b) . Similarly, the expression of S4, S9, S11, and S10 was less variable than the remaining four S. scitamineum candidates (S2, S6, S8, and S12), and S6 was the most variable S. scitamineum candidate PCR reference gene in S. scitamineum-infected sugarcane bud tissues (Fig. 1d) .
Stability analysis of candidate PCR reference genes
The algorithms geNorm, NormFinder, BestKeeper and deltaCt were used to analyze gene stability in sugarcane bud samples based on their Ct values, and the results were assessed using the Pearson correlation coefficient. Table 5 shows that different algorithms could generate significantly consistent results in stability evaluation of candidate PCR reference genes, especially geNorm, NormFinder, and deltaCt in sugarcane candidates and geNorm and NormFinder in S. scitamineum candidates.
For its negative correlation with geNorm, NormFinder, and deltaCt, the stability value from BestKeeper was not included in the evaluation of the S. scitamineum candidate PCR reference genes in the present study. Tables 6  and 7 show that the genes with higher stability have the smaller stability values (SVs). In terms of the ranking of the sugarcane candidate PCR reference genes, the results generated using geNorm and NormFinder were nearly the same, and the top seven genes were ACAD > SARMp1 > CK1δ > CAC > OTU5 > PABP8 > CUL. The stability order (from stable to unstable) of the sugarcane candidate PCR reference genes derived from BestKeeper was SARMp1, ACAD, CAC, OTU5, CUL, PABP8, eEF1A, GAPDH, CK1δ, and OPR7 (Table 6 ). Except for the order of CAC/CUL and CK1δ/GAPDH being reverse, the rank of candidates generated by BestKeeper and deltaCt was generally similar. The ranking order of the S. scitamineum candidate PCR reference genes from geNorm and NormFinder was also the same. Among the eight S. scitamineum candidates, S10 and S11 were the two most stable genes, whereas S6 was the most variable (Table 7) . DeltaCt analysis showed that the stability of S9 was higher than the remaining seven S. scitamineum candidate PCR reference genes, followed by S10, S12, and S8 (Table 7) , whereas S2 was the most unstable (Table 7) . Table 3 The normalized signal of eight S. scitamineum candidate PCR reference genes (CRG) in each sample Comprehensive analysis using geNorm, NormFinder, BestKeeper, and deltaCt indicated that the two most stable sugarcane candidate PCR reference genes were ACAD and SARMp1, followed by CAC, whereas the most variable reference gene was GAPDH. Similarly, based on the results of geNorm, NormFinder, and deltaCt, S10 and S11 are the two most stable S. scitamineum candidate PCR reference genes, followed by S4, and S6 is the most unstable.
Selection of the optimal combination of PCR reference genes
Concurrently, the pairwise variation (Vn/Vn + 1) of candidate PCR reference gene combination was analyzed using geNorm, which based on the normalized Ct value [26] . The pairwise variations could reflect the variations among different gene groups, which comprised various genes. Vandesompele et al. [25] emphasized that if the pairwise variation is < 0.15, then the combination of the top n genes was more stable than the combination of top n + 1 genes [26] . Figure 2 shows that all pairwise variations of sugarcane and S. scitamineum genes are < 0.15. Comparisons of the pairwise variations between different gene combinations indicated minimal differences among the V2/3, V3/4, and V4/5 of the sugarcane candidate PCR reference genes, and V2/3 was the smallest among all combinations of S. scitamineum candidate PCR reference genes. As using fewer PCR reference genes to achieve the most reasonable results is cost-effective, "ACAD + SARMp1" and "S10 + S11" are regarded as the best combinations of sugarcane and S. scitamineum candidate PCR reference genes, respectively.
Validation analysis of PCR reference genes
Based on the results of our analyses, the top two stable sugarcane/S. scitamineum reference genes (ACAD and SARMp1/S10 and S11), a moderately stable gene (CAC/ S4), the most variable candidate PCR reference gene (GAPDH/S6), and the optimal combination of PCR reference genes (ACAD + SARMp1/S10 + S11) were selected for further validation. Here, sugarcane ScChi I-3 gene and S. scitamineum SsCMU gene were used to verify the reasonability and feasibility of the above selected genes. Figure 3a shows that the ScChi I-3 gene was upregulated and exhibited a similar expression pattern when it was normalized with ACAD, SARMp1, and "ACAD + SARMp1" in the S. scitamineum-infected buds tissue samples of NCo376. The expression level of ScChi I-3, which was normalized with GAPDH, was also upregulated but was higher than that of ACAD, SARMp1, and "ACAD + SARMp1", respectively. On the contrary, the expression of ScChi I-3 was downregulated when normalized with CAC. Similarly, the normalization of ScChi I-3 expression with reference gene "ACAD + SARMp1", ACAD, SARMp1, and GAPDH was similar in the infected buds tissues of YC71-374 (Fig. 3b) , whereas the ScChi I-3 expression level with CAC as reference was relatively higher.
The expression level of the SsCMU gene could not be detected in S. scitamineum-infected sugarcane buds at 0 d. Figure 4 (0 d was excluded in the analysis) shows that the expression of SsCMU gradually increased with S. scitamineum infestation in sugarcane tissues when the data were normalized using the two best candidate PCR reference genes (S10 and S11) and their combination. Otherwise, SsCMU expression with S4 or S6 normalization was higher and differed from that with normalization using S10, S11, or their combination (p < 0.05) (Fig. 4) . Moreover, the expression of SsCMU among the three bio-replicates, which was normalized with S4 or S6, was relatively more variable (with greater ranges) (Fig. 4) .
Discussion
Quantification of defense response-related gene expression is an important method for elucidating the molecular mechanisms of plant-pathogen and plant-environmental factor interactions [47] . Compared to Northern blotting, ribonuclease protection assay (RPA), semi-qPCR, molecular in situ hybridization, and cDNA microarray, the combination of qRT-PCR and data normalization using PCR reference genes is a more rapid, convenient, and reliable way of assessing gene transcriptional levels [46, 48] . It has eventually become one of the most indispensable means for assessing gene expression in animals and plants [49] . The ideal reference gene should have stable expression levels in bio-samples, encodes a functional protein, and is transcriptionally abundant (with a Ct ranged within 15 to 30) [50] . It should also reflect variations in RNA extraction, cDNA synthesis, and PCR amplification [50] . Ten sugarcane genes (GAPDH, eEF1A, CUL, CAC, ACAD, CK1δ, OTU5, OPR7, PABP8, and SARMp1) and eight S. scitamineum genes (S2, S4, S6, S8, S9, S10, S11, and S12) were selected as candidate PCR reference genes for stability evaluation. According to the MIQE criteria [46] , qRT-PCR primer pairs with amplification efficiency within the range of 0.95-1.05 were selected for quantitative expression profiling. Pearson correlation analysis showed that two algorithms, namely, geNorm and NormFinder, and the deltaCt method shared more similar ranking results candidate in PCR reference genes, whereas less similar findings were generated between BestKeeper and the algorithms geNorm, NormFinder or the deltaCt method, especially in the smut candidate PCR reference genes. Finally, three algorithms, namely, geNorm, NormFinder BestKeeper, and the deltaCt method were used in the analysis of sugarcane candidate PCR reference genes, while two algorithms, geNorm, NormFinder, and deltaCt method were used in the analysis of smut candidate PCR reference genes.
Selection of sugarcane PCR reference genes
On the basis of reference gene selection criteria [50] , the Ct values of the 18 candidate PCR reference genes were within the range 15-30, except for CK1δ and OTU5 (Ct value> 30) (Fig. 1a) . Previous studies have shown that the sugarcane GAPDH and eEF1A genes were stable and were deemed suitable for use as PCR reference genes under osmotic, drought, or hormonal stress [23] [24] [25] , but were variable during S. scitamineum infection in sugarcane buds in the present study (Fig. 1b) . Similarly, the expression of GAPDH in plant tissues varied under biotic stress such as in virus-infected N. benthamiana [51] , rust-infected Vigna angularis [52] , and fungi-infected Withania somnifera [53] . Xiao et al. [50] reported that the expression level of eEF1A in Chinese cabbage was altered by fungal infection [54] . This indicates that the expression of GAPDH and eEF1A in plants is sensitive to biotic stress. The transcriptomic data and the present data from geNorm, NormFinder, BestKeeper, and deltaCt method indicated that ACAD and SARMp1 are the two most stable genes among the 10 sugarcane candidates. The ACAD protein is involved in the electron transport chain and is one of the most basic enzymatic components in peroxisomes, which is a basic organelle of eukaryotic cells [55] . The findings of the present study suggest that ACAD is suitable for use as a reference gene for normalization of data on differentially expressed genes that are related to sugarcane-S. scitamineum interactions, although ACAD has not been employed as a reference gene prior to this study. Similarly, the SARMp1 protein is a member of serine/ arginine-rich protein family, which participates in the splicing of mRNA precursors [56, 57] . Compared to GAPDH, EF1A, CAC, and CUL [23, 24] , both ACAD and SARMp1 are the basic components for cellular structures and may also serve as PCR reference genes in sugarcane. Several previous studies have proven that Fig. 2 Determination of the optimal number of sugarcane (a) and S. scitamineum (b) reference genes for normalization by pairwise variation. Pairwise variation (Vn/Vn + 1) was analyzed between normalization factors NFn and NFn + 1 by geNorm algorithm to determine (V < 0.15) the optimal number of reference genes [58] [59] [60] . In the present study, the results from geNorm support that ACAD and SARMp1 could be used as a combination for normalization of data on gene expression. Based on all the above results, the top two stable genes ACAD and SARMp1 and the moderately stable gene CAC plus the unstable gene GAPDH were selected for further validation in S. scitamineum-infected NCo376 and YC71-374 bud samples. The results finally showed that the transcript profile of ScChi I -3 that was normalized using CAC and GAPDH was significantly different from those by ACAD, SARMp1 and "ACAD + SARMp1", and was more obviously changeable. In addition, ACAD and "ACAD + SARMp1" generated the most similar normalization results in both smut-susceptible and -resistant genotypes in the present study. In sum, based on the evaluation of four algorithms and qRT-PCR validation, ACAD or "ACAD + SARMp1" are deemed the most suitable PCR reference genes for transcriptional quantification in S. scitamineum-infected sugarcane buds.
Selection of S. scitamineum PCR reference genes
With the completion of the S. scitamineum genome sequencing, nearly 6636-6693 genes have been identified, which consist of 527 secreted protein genes, 192 pathogenic genes, and 68 effector proteins [35] [36] [37] . Some S. scitamineum-specific genes are expressed as part of the immune response of sugarcane cells to infection [36] . Prior to the identification of the function of these pathogenesis-related S. scitamineum genes, it is essential to know which gene is expressed differentially during infection. Internal PCR reference genes could enhance the reliability of identification of differentially expressed genes using qRT-PCR [3] . However, no report on the appropriate S. scitamineum PCR reference genes has been published to date.
Based on the data from a genomic-wide expression profile microarray (unpublished), eight S. scitamineum candidate PCR reference genes were selected for further stability evaluation using qRT-PCR and different algorithms. The results showed that the accumulation of S10 (mean Ct = 28.94) and S12 (mean Ct = 29.10) was within the Ct range of 15 to 30. During the detection of the S. scitamineum gene in sugarcane bud tissues, the transcriptional abundance of S. scitamineum genes is predictably lower than that of host genes, resulting in the Ct value of six S. scitamineum genes > 30 Ct. In other words, if the Ct value of the pathogen gene is > 30, then it does not mean that the expression of the S. scitamineum gene is low. Vieira et al. found that the Ct values of the Colletotrichum kahawae genes in the tissues of Arabica coffee hypocotyls were higher than in the medium [48] . Therefore, S2, S4, S6, S8, S9, and S11 in this study could also be considered as appropriate PCR reference genes. Based on the CV values of eight S. scitamineum genes, the expression of S4, Fig. 4 The relative expression of S. scitamineum chorismate mutase gene in S. scitamineum-infested sugarcane NCo376 (a) and YC71-374 (b) bud tissues. a, b, and c represent significant differences in normalization of different reference genes or gene combinations Fig. 3 The relative expression of sugarcane chitinase I-3 gene in NCo376 (a) and YC71-374 (b) bud tissue under S. scitamineum infection. The a and b represent significant differences between the normalization of different reference genes or gene combinations S9, S10, and S11 is less variable, whereas that of S6 is the most variable. Based on the results using geNorm, NormFinder, and deltaCt method, S10 and S11 are more transcriptionally stable than S4 and S9. However, the results of CV value analysis and geNorm, NormFinder, and deltaCt all indicated that S6 is the most transcriptionally unstable gene. The S10 gene encodes inosine-5-monophosphate dehydrogenase, which is a rate-limiting enzyme that regulates intracellular nucleic acids levels in the guanine de novo synthesis pathway [61, 62] . The S11 gene encodes one of the key components of the signal recognition complex [63] . These features suggest that both S10 and S11 are indispensable proteins in living cells and thus are considered as housekeeping genes. In the same samples, the expression of SsCMU under the normalization of S4 and S6 were significantly higher (p < 0.05) than that of S10, S11, and their combination, indicating that the unsuitable reference gene may generate unreliable transcript profiles of the target gene. The results of the present study have proven that S10, S11, or their combination may be utilized as a reliable tool for normalization of expression data on S. scitamineum genes in the sugarcane buds.
Conclusions
In this study, 10 sugarcane genes and eight S. scitamineum genes were selected as the candidate PCR reference genes based on the reported sugarcane transcriptome during S. scitamineum infection and the sugarcane-S. scitamineum expression microarray data. To identify the stability and the best combination and applicability of the 18 candidate PCR reference genes, they were quantitatively analyzed in sugarcane buds of different varieties and infection times by qRT-PCR. ACAD, SARMp1 and "ACAD + SARMp1" were identified as optimal sugarcane reference genes/gene combination, and S10, S11, and "S10 + S11" were identified as optimal S. scitamineum reference genes/gene combination. This study facilitates gene expression analysis in sugarcane-S. scitamineum interaction systems. 
